Glandular neoplasms involving the urinary bladder carry a challenging differential diagnosis including primary and secondary processes. We investigated the potential diagnostic utility of cadherin-17 and GATA3 in 25 primary adenocarcinomas of the urinary bladder, as compared with other commonly used markers including b-catenin and p63. Urothelial carcinoma with glandular differentiation (11), colorectal adenocarcinoma secondarily involving the bladder (25), and primary colorectal adenocarcinoma (22) were also analyzed and the results were compared using a Fisher exact test. Cadherin-17 was expressed in 23/25 primary bladder adenocarcinomas (92%), 23/25 colorectal adenocarcinomas involving the bladder (92%), 21/22 primary colorectal adenocarcinomas (95%) and entirely negative (0/11) in both components of urothelial carcinoma with glandular differentiation (Po0.001). In urothelial carcinoma with glandular differentiation, positive nuclear staining for GATA3 was evident in the urothelial component for 18% (2/11) and the glandular component for 9% (1/11) with additional tumors showing only cytoplasmic staining. Nuclear reactivity for GATA3 was not present in primary bladder adenocarcinoma and primary/secondary colorectal adenocarcinoma (Po0.05). Positive nuclear and cytoplasmic immunostaining for b-catenin was evident in 21/22 primary colorectal adenocarcinomas (95%) and 23/25 cases of secondary involvement by colorectal adenocarcinoma (92%). In contrast, positive membranous and cytoplasmic staining for b-catenin was observed in 23/25 primary bladder adenocarcinomas (92%) and 11/11 urothelial carcinomas with glandular differentiation (100%, Po0.001). p63 was expressed only in the urothelial component of urothelial carcinoma with glandular differentiation and not in the glandular component (Po0.001). In summary, cadherin-17 is a relatively specific and sensitive marker for primary adenocarcinoma of the urinary bladder, distinguishing it from urothelial carcinoma with glandular differentiation. However, it does not distinguish primary bladder adenocarcinoma from secondary involvement by colorectal adenocarcinoma. The pattern of reactivity for b-catenin remains the most useful marker for distinguishing these two tumors.
(so-called 'colloid'), signet ring cell, clear cell, mixed, and not otherwise specified subtypes. 1, [4] [5] [6] Therefore, distinguishing them from the secondary involvement of the urinary bladder by adenocarcinoma of another organ, especially the colon, is often challenging or impossible by light microscopy alone. 6 Although immunohistochemical markers such as CK7, CK20, villin, CDX-2, and b-catenin have been proposed to aid in resolving the differential diagnosis of these tumors, limitations in sensitivity and specificity have prevented any single marker or small panel of markers from emerging as clearly superior. [6] [7] [8] [9] [10] Differential diagnostic challenges remain and the identification of additional diagnostic tools is necessary. Cadherin-17 (CDH17), also called liver-intestinal cadherin or human peptide transporter-1, has been recently recognized as a sensitive and specific marker for adenocarcinoma of the digestive system, especially colorectal adenocarcinoma. [11] [12] [13] [14] [15] Conversely, GATA3, a transcription factor, is a newly described marker of urothelial carcinoma. [16] [17] [18] However, the expression of cadherin-17 and GATA3 in primary adenocarcinoma of the urinary bladder has not been well characterized. The aim of this study was to investigate the expression of cadherin-17 and GATA3 in primary adenocarcinoma of the urinary bladder and evaluate the potential diagnostic usefulness of these markers along with other commonly used markers such as b-catenin and p63.
Materials and methods

Cases
A total of 25 primary urinary bladder adenocarcinomas were analyzed including 19 colonic (enteric), three signet ring cell, and three mixed types. For comparison, 11 urothelial carcinomas with prominent glandular differentiation, 25 colorectal adenocarcinomas secondarily involving the urinary bladder, and 22 primary colorectal adenocarcinomas were analyzed. Clinical histories and hematoxylin and eosin (H&E) slides of each case were reviewed to confirm the tumor origin.
Immunohistochemistry
Immunostaining was performed using the Dako Autostainer Plus (Dako, Carpinteria, CA, USA). The following antibodies were used: cadherin-17 (Novus, Littleton, CO, USA; 1:500 dilution), GATA3 (BioCare Medical, Concord, CA, USA; 1:50 dilution), p63 (Dako; 1:400 dilution), and b-catenin (Cell Marque, Rockland, CA, USA; prediluted/ready to use). Immunoreaction was performed using the EnVision Flex and Flex þ Visualization Systems (Dako). Diaminobenzidine (3,3-diaminobenzidine) was used as the chromogen. Positive and negative controls stained appropriately.
The interpretation of immunoreactivity was performed in a semiquantitative manner by analyzing the extent of the positively staining tumor cells. The interpretation was performed as follows: 0 or negative, 0% tumor cell positivity; 1 þ or focal, 1-10% tumor cell positivity; 2 þ or moderate, 11-50% tumor cell positivity; and 3 þ or diffuse, 450% tumor cell positivity. Results of immunohistochemical staining were analyzed with a two-tailed Fisher exact test. A P value of o0.05 was considered statistically significant.
Results
Results of immunohistochemical staining are summarized in Table 1 .
Nonneoplastic Tissue Adjacent to the Tumor
In nonneoplastic tissues, strong, diffuse membranous staining for cadherin-17 was detected exclusively in colorectal mucosa. GATA3 and p63 were exclusively expressed in nuclei of normal urothelium. Positive membranous staining for b-catenin was seen in both colorectal mucosa and urothelium.
Primary Adenocarcinoma of the Urinary Bladder
Cadherin-17 and b-catenin were each expressed in 92% (23/25) of tumors ( Figure 1 ). The staining pattern was membranous for cadherin-17 and membranous and cytoplasmic for b-catenin, (Figures 1 and 2 ) although two tumors showed nuclear and cytoplasmic staining with antibody to b-catenin. There was a statistically significant difference in staining pattern (membranous and cytoplasmic vs nuclear) when compared with colorectal adenocarcinoma (Po0.001). A variable percentage of tumor cells showed a positive reaction (cadherin-17: mean, 62%; b-catenin: mean, 90%). Staining for p63 was negative in all tumors. Unlike the nuclear expression of GATA3 in normal urothelium, primary urinary bladder adenocarcinoma showed only cytoplasmic reactivity, present in 60% of tumors (15/25) . Differences in immunoreactivity between different subtypes of primary bladder adenocarcinoma were not observed.
Urothelial Carcinoma with Glandular Differentiation
None of the 11 cases of urothelial carcinoma with glandular differentiation was positive for cadherin-17 in either the urothelial or glandular component, yielding no significant difference when compared with each other but a statistically significant difference when compared with adenocarcinomas Expression of cadherin-17 showed a statistically significant difference when pure adenocarcinoma (colorectal or primary urinary bladder) was compared with urothelial carcinoma with glandular differentiation (Po0.001). Statistically significant differences were also detected in the staining pattern for b-catenin (nuclear vs cytoplasmic and membranous) in colorectal carcinomas when compared with urothelial carcinomas and primary urinary bladder adenocarcinomas (Po0.001). p63 labeled only the urothelial component of urothelial carcinoma with glandular differentiation (Po0.001).
Figure 1
Expression of cadherin-17 (CDH17) and b-catenin (b-cat) in primary adenocarcinoma of the urinary bladder and colorectal adenocarcinoma involving the bladder: (a) Hematoxylin and eosin-stained section of primary adenocarcinoma of the urinary bladder (colonic type) corresponding to the immunohistochemistry, which showed strong membranous staining with cadherin-17 (b) and membranous and cytoplasmic staining for b-catenin (c). Primary adenocarcinoma of the urinary bladder, signet ring cell type (d), also showed strong membranous staining with cadherin-17 (e) and membranous and cytoplasmic staining for b-catenin (f). In contrast, colorectal adenocarcinoma involving the bladder (g) showed strong membranous staining with cadherin-17 (h) paired with nuclear and cytoplasmic staining for b-catenin (i). Colorectal adenocarcinoma involving the bladder, signet ring cell type (J), also showed membranous staining with cadherin-17 (k) and nuclear and cytoplasmic staining for b-catenin (l).
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Novel markers of urinary bladder adenocarcinoma Q Rao et al (colorectal and primary urinary bladder adenocarcinomas, Po0.001). b-catenin showed membranous and cytoplasmic reactivity in both urothelial and glandular components of all 11 tumors (Figure 3) . Therefore, no statistically significant difference was detected when comparing the two components to each other; however, a statistically significant difference was detected when compared with the nuclear staining pattern in colorectal adenocarcinomas (Po0.001). Positive staining for p63 was present in the urothelial component for 73% (8/11; nuclear staining), but negative in the glandular component of all cases (Po0.001). Positive nuclear staining for GATA3 was evident in the urothelial component for 2/11 tumors (18%) and only a single tumor in the glandular component (9%). No statistically significant difference was detected between the urothelial and glandular components; however, urothelial carcinomas showed increased staining when compared with pure adenocarcinomas (Table 1) . Cytoplasmic staining for GATA3 was also present in some cases (36%).
Secondary Involvement by Colorectal Adenocarcinoma
Cadherin-17 and b-catenin were each expressed in 92% of tumors (23/25) (Figures 1 and 2) , resulting in no statistically significant difference when compared with primary urinary bladder adenocarcinoma (P ¼ 1). Cadherin-17 labeled the tumor cells in a membranous pattern, while b-catenin showed nuclear and cytoplasmic staining. Some cases also showed concurrent membranous staining for b-catenin. Membranous reactivity without nuclear labeling for b-catenin was present in two tumors. A variable percentage of cells showed a positive reaction (cadherin-17: mean, 62%; b-catenin: mean, 78%). All cases were negative for p63 and nuclear expression of GATA3 was not present in any tumor, although cytoplasmic positivity for GATA3 was present in some tumors (48%).
Primary Colorectal Adenocarcinoma
Membranous staining for cadherin-17 was observed in 95% (21/22) of primary colorectal adenocarcinomas with a mean of 80% of tumor cells showing a positive reaction. None showed nuclear staining for GATA3 or p63, yielding no significant difference in p63 staining when compared with secondary adenocarcinoma or primary urinary bladder adenocarcinoma. Cytoplasmic labeling with GATA3 was frequently present (86%). b-Catenin was expressed in the nuclei and cytoplasm of 21 primary colorectal 
Discussion
In this study, we have extended the known immunohistochemical profile of primary adenocarcinoma of the urinary bladder and confirmed some prior observations regarding these neoplasms. 3, 7, 19, 20 Cadherin-17, also called liverintestinal cadherin or human peptide transporter-1, is a sensitive and specific marker for adenocarcinomas of the digestive system, especially colorectal adenocarcinomas. [11] [12] [13] [14] [15] In the study of Su et al, 12 expression of cadherin-17 was very common in colorectal adenocarcinomas (96%) and evident in more than half of gastric and pancreatic adenocarcinomas. In contrast, cadherin-17 expression was very uncommon in carcinomas arising outside the gastrointestinal tract. Of 331 tumors including 44 breast cancers, 39 uterine cervical carcinomas, 50 lung cancers, 47 renal cell carcinomas, 89 ovarian cancers, and 39 prostatic cancers; cadherin-17 was expressed in only one (0.3%) prostatic adenocarcinoma. 12 These results support the utility of cadherin-17 as a useful diagnostic marker of gastrointestinal adenocarcinoma. Park et al 21 similarly found a high concordance between the staining reactions in primary and metastatic colorectal carcinomas. In this study, we report that in addition to both primary and secondary colorectal adenocarcinoma, cadherin-17 is also commonly expressed in primary adenocarcinoma of the urinary bladder (92%) and negative in urothelial carcinoma with glandular differentiation, a statistically significant difference (Po0.001). Based upon these findings, cadherin-17 may be useful as a relatively specific and sensitive marker in the diagnosis of primary adenocarcinoma of the urinary bladder, distinguishing it from urothelial carcinoma with glandular differentiation. However, this marker does not distinguish primary adenocarcinoma of the urinary bladder from secondary involvement by colorectal adenocarcinoma.
Immunohistochemical antibody to transcription factor GATA3 has recently been recognized as a useful marker of urothelial differentiation. [16] [17] [18] Unlike the usual nuclear expression pattern of GATA3 in normal urothelium and urothelial carcinoma, we identified only cytoplasmic reactivity in primary adenocarcinoma of the urinary bladder (60%), colorectal adenocarcinoma (86%), and secondary involvement of the urinary bladder by colorectal adenocarcinoma (48%); nuclear expression was lacking. Previous studies have suggested a close histogenetic and pathogenetic relationship of primary adenocarcinoma of the urinary bladder and colorectal adenocarcinoma. [22] [23] [24] [25] [26] Our finding that cadherin-17 and GATA3 expression are very similar in these two tumor types supports this relationship (Table 2) . However, positive nuclear and cytoplasmic immunostaining for b-catenin was evident in 95% of (21/ 22) primary and 92% of (23/25) secondary colorectal adenocarcinoma, in contrast to positive membranous and cytoplasmic staining for b-catenin in 92% of (23/25) primary adenocarcinomas of the urinary bladder and 100% of (11/11) urothelial carcinomas with glandular differentiation (Po0.001). These data indicate that dysregulation of b-catenin, an important aberration seen in colorectal carcinogenesis, does not appear to play a role in the pathogenesis of the bladder adenocarcinoma, 27,28 confirming previous observations regarding the immunohistochemical profile of primary adenocarcinoma of the urinary bladder. 3, 7, 19, 20 b-Catenin remains the most sensitive and specific marker for distinguishing primary adenocarcinoma of the urinary bladder from secondary involvement by colorectal adenocarcinoma.
We also evaluated this panel of biomarkers in 11 urothelial carcinomas with glandular differentiation. Of interest, p63 was expressed only in the urothelial carcinoma component (8/11 tumors) and not in the glandular component (Po0.001). GATA3 showed expression only in a minority of cases (two in the urothelial component and one in the glandular component), a smaller percentage of Novel markers of urinary bladder adenocarcinoma tumors than for urothelial carcinoma in general, which has been reported to be as high as 67-86%. 16, 18 Cadherin-17 was not expressed in either component of any tumor, contrasting to almost all primary adenocarcinomas of the urinary bladder, which were positive for cadherin-17 (Po0.001). These prominent immunophenotypic differences between urothelial carcinoma with glandular differentiation and primary adenocarcinoma suggest that distinct mechanisms of histogenesis and pathogenesis are at play in the development of these tumors, despite histologic overlap in features. In summary, in this study we have extended the immunohistochemical profile of primary adenocarcinoma of the urinary bladder (cadherin-17 positive, GATA3 negative, b-catenin membranous and cytoplasmic positive). Cadherin-17 is a relatively specific and sensitive marker in diagnosing primary adenocarcinoma of the urinary bladder, distinguishing it from urothelial carcinoma with glandular differentiation. However, it does not distinguish primary adenocarcinoma of the urinary bladder from secondary involvement by colorectal adenocarcinoma, in which case, b-catenin appears to remain the most useful marker. Although GATA3, when positive, supports a diagnosis of urothelial carcinoma with glandular differentiation, nuclear expression is only present in a minority of cases.
